Objective: Pseudomonas aeruginosa uses type 3 secretion system (T3SS) to directly inject four toxins into host cells. The aim of the study was to determine the prevalence of the toxins-encoding genes among P. aeruginosa isolates collected from nosocomial infections and environmental sources.
INTRODUCTION
Pseudomonas aeruginosa is a ubiquitous Gram negative pathogen widespread thought the environment. In normal hosts, with intact epithelial barrier, P. aeruginosa rarely causes disease. However in immunocompromised and ̸ or hospitalized patients, P. aeruginosa is a leading cause of nosocomial infections. Most of these are acute infections, including sepsis, ventilator-associated pneumonia (VAP), and infections in post-operative wound and burn patients. Despite treatment with appropriate antibiotics, mortality remains as high as 40% in acute infections. 1 To cause such severe diseases, P. aeruginosa utilizes a large number of virulence factors, which are described as belonging to adhesins and other secreted toxins. Exotoxins are either passively secreted from the cell or actively secreted via type I secretion system (T1SS), type II secretion system (T2SS) or the type III secretion system (T3SS). 2 The complex T3SS is important and recently recognized virulence determinant of P. aeruginosa capable of injecting certain effector proteins (secretion toxins) into the host cell. 3 The genes encoding the type III secretion toxins appear to be scattered through the chromosome. 4 To date, four secretion toxins have been identified; exoS (exoenzyme S), exoU (exoenzyme U), exoT (exoenzyme T), and exoY (exoenzyme Y).
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The first identified P. aeruginosa T3SS toxins, exoT and exoS, share 75% homology at the amino acid level. 5 It has found that exoS is the major cytotoxin involved in colonization, invasion and dissemination during infection. 6 ExoS also targets small ras-like proteins, inhibiting bacterial internalization by eukaryotic cells and DNA synthesis, and inducing apoptosis. 5, 7 ExoT targets host kinases involved in focal adhesion and phagocytosis, 7 and has been associated with dissemination of disease from the lung to the liver in mice 8 and induction of apoptosis in HeLa cells. 9 ExoY is an adenylate cyclase that cleaves the intracellular cAMP in eukaryotic cells causing rounding of certain cell types. It shows little pathology in mouse pneumonia 6 , but has significant cytotoxicity in MDCK cells. 10 In contrast, the fourth and most recently described toxin of P. aeruginosa T3SS toxins, exoU shows marked cytotoxic capabilities with remarkably rapid and fulminant cytotoxic effects in many cell types. 7, 10 Deletion of exoU severely limits the toxicity of P. aeruginosa strain in lung, and the enzyme has been implicated as an agent associated with septic shock and increased disease severity and mortality in pneumonia. 7, 11 Interestingly, the genes encoding P. aeruginosa T3SS toxins are found in some isolates but not in others. 12 The distribution of these genes among isolates of P. aeruginosa and the frequency in populations of isolates from different disease sites has not been thoroughly examined in our country
The study was done to determine the prevalence of type 3 secretion toxins-encoding genes among nosocomial as well as hospital environmental and health-care worker hand P. aeruginosa isolates, and to analyze the values in respect to the infection localization.
METHODS
This study was done in Microbiology and Immunology Department, Faculty of Medicine, Zagazig University in the period from February 2009 to December 2011. Ethical considerations: informed consent was obtained from all participants, and the study was re-viewed and approved by the review boards of the participating institutes.
Bacterial isolates and growth conditions
Sixty-eight nosocomial isolates of P. aeruginosa were obtained from hospitalized patients present in different wards and departments at Zagazig University Hospitals. To prevent over presentation of certain strains, only one isolate per patient was included in the analysis. The clinical isolates of P. aeruginosa were identified to be nosocomial if patients were admitted in the hospital for at least 48 h with the previous cultures at date of admission were negative for P. aeruginosa. Seventeen environmental isolates of P. aeruginosa including 2 isolates from health-care worker hands were isolated from 70 samples taken from ICU unit. The origin of nosocomial and environmental isolates were described In Table 2 . All isolates were identified as P. aeruginosa according to colony morphology, Gram stain appearance, oxidase reaction, growth at 42°C and reaction patterns in API 20 NE (Bio-Merieux). The isolated P. aeruginosa were stored in 25% glycerol in Luria-Bertani (LB) broth at -70°C.
DNA extraction
Bacterial DNA was extracted from P. aeruginosa isolates subcultured on nutrient agar plates using QIAamp DNA Mini kit (QIAGEN, USA) according to manufacturer's instructions. The extracted DNA was checked by measuring the optical density (OD) at 260 nm and 280 nm using spectrophotometer.
DNA concentration in each sample was calculated according to the following equation given. 13 DNA Concentration (ug ml -1 ) =OD at 260 nm × 50 ug ml -1 × dilution factor. The DNA extract samples were stored at -20°C until being used.
Random amplified polymorphic DNA (RAPD) PCR
It was performed with PureTaq Ready-To-Go PCR beads (Amersham Biosciences, UK). The amplification was carried out with 25 ng template DNA and 0.2 uM primer (RAPD-4 5΄-AAGAGCCCGT-3΄), 2.5 U Taq DNA polymerase, 200 uM of each dNTPs in a total volume 25 ul. A negative control without template DNA was included in each experiment. 14 The DNA was amplified as follows: initial denaturation at 95°C for 5 minutes; followed by 45 cycles consists of denaturation (95°C for 1 min), annealing (36°C for 1 min) and extension (72°C for 2 minutes); with a single final extension step at 72°C for 10 minutes. The amplification products were compared by electrophoresis in 2% agarose gel in Tris-acetate buffer stained with Ethidium bromide (0.5 ug ml -1 ) then detected by UV transilluminator.
The presence or absence of bands in gel lane was determined by visual inspection of the patterns independently by two observers. Fingerprint patterns were considered similar (indistinguishable) if all bands had the same migration distance or if there were no more than two band differences for patterns comprising 6-11 products or three band differences for patterns comprising 12-18 products.
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PCR amplification of type III secretion toxinsencoding genes
The type III secretion toxins-encoding genes were amplified by multiplex PCR 16 with specific primers (Table 1) . PCR was carried out with 2 ul DNA template (100-200 ng), 1 ul equivalent to 100 pM each primer ( total 8 ul PCR primers), 2.5 U Taq DNA polymerase, 200 uM of each dNTPs in a total volume 25 ul using PureTaq Ready-To-Go PCR beads (Amersham Biosciences, UK). For negative control, all components of PCR reaction were added to the bead except for DNA. The DNA was amplified using a DNA thermal circler as follows: initial denaturation at 94°C for 3 minutes; followed by 36 cycles consists of denaturation (94°C for 40 seconds), annealing (58°C for 40 seconds) and extention (68°C for 1 minute); with a single final extension step at 68°C for 7 minutes. PCR products were separated in 2.5% agarose gel stained with ethidium bromide (0.5 ug ml -1 ), then detected by UV transilluminator. Amplified genes were identified on basis of fragment size compared with the DNA MW marker (Figure 1 ). Table 1 . PCR primers used for genes amplification and multiplex PCR. 16 
Amplified Gene
Primer, DNA sequence
Statistical analysis
The prevalence of T3 secretion toxins-encoding genes was compared using the chi-squared test or Fisher΄s exact test when appropriate. P. value below 0.05 was considered to be statistically significant. were generated by the RAPD-4 primer. In summary, the RAPD analysis confirmed the significant diversity of strains included in the present study (Data not shown).
RESULTS
Clonal relatedness of the studied P. aeruginosa isolates by RAPD typing
Prevalence of type 3 secretion toxins-encoding genes
The frequencies of occurrence of exoenzymes' genes detected by PCR (Figure 1 ) in all studied strains (n=85) were as follows; exoT-100%, exoS-40%, exoY-83.5% and exoU-62.4% (Table 2 ). MW marker (100-200-300-1000). Lane 2:control. Unlike exoT, exoS was not found in all examined isolates. ExoY gene was present in the majority of isolates and exoU was the 3rd in prevalence after exoT and exoY ( Table 2 ). The fraction of isolates harboring each of the variable genes; exoS, exoY and exoU gene did not differ significantly (P ˃0.05) between nosocomial and environmental isolates and between different sites of infection (Table  2 ).
In this study there was statistical significant (P˂0.001) disagreement in the distribution of exoS and exoU genes in P. aeruginosa isolates, where of 85 isolates examined, 32 (37.6%) contained exoS but not exoU, 51 (60%) contained the exoU but not the exoS gene and no isolates contained neither of these genes. However, 2 isolates (2.4%) (one from endotracheal aspirate and one from blood) contained both genes.
DISCUSSION
Type III secretion system in P. aeruginosa is known to be a very important virulence factor in acute human infections. 6 This system facilitates the secretion and translocation of exotoxins into target host cells and is triggered by contact with host cells. 17 In our study, exoT was found in all the 85 clinical and environmental isolates examined, suggesting that this gene is not a variable trait. The absolute presence of exoT in all P. aureginosa isolates was not surprising as it was reported by several studies. 2, 12, 14, 18 Interestingly, the presence of this gene in all examined environmental isolates suggests that there may be selection for the exoT gene in hospital environments′ P. aeruginosa isolates.
Our result regarding the prevalence of exoS gene was in agreement with previous reports, which had suggested that the exoS gene unlike exoT was not found in all P. aeruginosa isolates. However, estimates of the actual prevalence of this gene differed markedly. While in our work exoS gene was 40% in all isolates (38.2% of clinical isolates and 47.1% of environmental isolates) which was nearest to that reported in a study on nosocomial isolates in Bulgaria 14 , it was characteristically lower than that reported by others. 2, 12, 19 The conflicting results of these studies may be due to differences in the source of isolates, number of samples taken or to inability of the assay to differentiate exoS gene from exoT gene.
ExoS gene was found in 4 of 15 (26.7%) examined corneal P. aeruginosa isolates and this was nearly in agreement with Fleiszing and coworkers 20 who noted that only 2 of 10 (20%) examined corneal isolates contained exoS gene.
There was non-significant difference in the prevalence of exoS gene among LRTIs (46.2%) and blood, urine and wound isolates (each was 40%). This was in agreement with that study in USA 12 and was in contrast with, another study in Bulgaria 14 who reported a significant higher prevalence of exoS among P. aeruginosa isolates from blood (87.5%) than those obtained from LRTIs (53.8%).
The prevalence of exoY gene in nosocomial and environmental isolates was more or less similar to that ascertained in studies made on different clinical and environmental isolates in different countries. 12, 14, 21 These results indicate that exoY gene is present in the vast majority of P. aeruginosa regardless it is clinical or environmental isolates.
ExoY gene was disseminated in all studied isolates from urine, wound, and burn which was non-significantly higher than that in corneal isolates (73.3%), LRTIs isolates (76.9%) and blood isolates (81.5%). Contrasting with this result, the prevalence of exoY gene in P. aeruginosa isolates in USA 12 was statistically significantly higher in endotracheal isolates (95%) than urine isolates (70%), and in Bulgaria 14 exoY gene was disseminated among all studied isolates from blood , which was significantly higher than that urine (85.1%), LRTIs (82.7%) and wound (82.8%) isolates. The distribution of exoY gene in different clinical samples in our study and the previous studies are not fixed and this indicates no clinical implications.
The prevalence of exoU was 62.4% in all examined P. aeruginosa isolates which was third in prevalence to exoT and exoY in the T3SS genotypes of isolates tested, contrasting with a number of studies 11, 12, 18 that reported exoU prevalence to be the lower one in P. aeruginosa isolates compared to the other secretion toxins genes. It was stated that exoU gene was acquired via horizontal transmission on a plasmid, and then integrated in the P. aeruginosa genome. 22 Given this, it points to the high rate of plasmid transmission among our isolates.
The distribution of exoU was homogenous among different samples ranging from 60% in urine and wound isolates to 73.3% in corneal isolates The prevalence of exoU gene in corneal isolates was characteristically high (73.3%) and this value lies between the result of Fleiszing and his colleagues 20 (80%) and Winstanely and co-workers 23 (59% ). The blood isolates showed a prevalence of 63% of exoU gene and this is in agreement with a study 24 reported a similar value among bacteraemic isolates. In contrast, other investigators 12,13 have reported significant different values for the prevalence of exoU gene in blood, ranging from %25 to 40%. The prevalence of exoU was 60% in wound isolates and this is more or less similar to that ascertained in USA, 12 although it was absent in a small series of 11 wound P. aeruginosa isolates. 18 The virulence genes in genome of P. aeruginosa strains regardless of their origin whether clinical or environmental were conserved, as detected by whole-genome DNA microarray, and this lead to the suggestion that the environmental strains possess the ability to cause human infections despite the low probability of encountering a human host. 26 In our study, no statistical significant differences were detected between the environmental isolates and the nosocomial isolates with respect to the prevalence of all type 3 secretion toxin genes.
Interestingly, exoU and exoS genes were not randomly distributed among isolates. Rather, a trend towards mutual exclusivity between these two genes was observed, a nearly every isolate that contained exoS gene did not contain exoU gene and vice versa as previously reported in different studies. 2, 11, 12, 18, 22 This phenomenon is surprising, as no easily identifiable linkages between these two genes nor their products in the virulence pathway. 12, 22 However, it is conceivable that possession of both genes in some way reduces organism fitness, encouraging the loss of one or the other from an individual organism's genome. It may also be possible that simultaneous production of both exoenzyme products results in an increased or up regulated host immune response. Therefore, isolates of this genotype would be less capable of establishing infection in a new host due to their higher immunogenicity and resultant increased clearance from that host. In this study there were only two cases of exoS + exoU + in nosocomial P. aeruginosa isolates from ICU but not in environmental isolates in the same unit. One case is from a terminal patient with bacteremia and the second from a patient with severe associated pneumonia. This provides a tentative basis for this argument, as the genotype of these isolates would not be influenced by host immune response. 12 In conclusion, our results suggested that all P. aeruginosa isolates harbor at least some of type III secretion genes. Where exoT gene was found in all examined isolates, the other 3 genes were variable traits. Contrasting with previous results, the exoU gene was the third in prevalence after exoT and exoY in the type III secretion genes of isolates tested. No significant differences in exoS, exoY and exoU prevalence were observed between nosocomial and environmental isolates or between isolates cultured from different sites of infection. Our results confirmed also the previous reports that noted exoS and exoU genes are almost mutually exclusive.
